acetoxy-8-[3-methyl-butyryloxy]-12, 13-epoxy-A9-trichothecene) and related mycotoxins have attracted considerable attention (1, 9, 10, 13) . Interest in the T-2 toxin and other trichothecene mycotoxins has been stimulated by their potentially hazardous effect on humans and animals because: (i) these toxins are produced by many fungi in the Fusarium genus and are frequently isolated from moldy foods and feeds (8) ; (ii) the toxins are produced under a variety ofconditions in a wide range of substrates and have very diverse toxic effects in experimental animals (13) ; and (iii) most importantly, recent studies (5, 6, 13, 17) have linked T-2 toxin with alimentary toxic aleukia, a disease recorded as early as the 19th century in the U.S.S.R. and which was reported as having affected a large population in the Orenburg district of the U.S.S.R. during World War II.
Although the chemistry and toxicological and biochemical effects of T-2 toxin and other related trichothecenes have been studied in some detail (13) , T-2 toxin research has been hindered by the lack of a good analytical method. Details for T-2 toxin and trichothecene mycotoxin analysis were reviewed by Pathre and Mirocha (8) and by Ueno et al. (14) . In general, the toxin can be determined either by thin-layer chromatography, charring the plate with H2SO4 and spraying with p-anisaldehyde for toxin visualization, or by a gas chromatography technique. The detection limit for thin-layer chromatography is about 0.1 ,ug, and that for gas chromatography is 0.05 ,ug. Gas chromatography-mass spectroscopy methods for T-2 toxin and HT-2 toxin with a lower detection limit of 0.02 to 0.03 ,ug have been reported (7, 8) . Several biological methods, including skin lesion assay, inhibition of protein synthesis with rabbit reticulocytes, inhibition of growth of protozoan and zebra fish larvae, and binding with reduced glutathione in the presence of glutathione-s-epoxide transferase, are currently available. However, these methods either are too complicated or lack sensitivity. Most methods are not specific; thus, they are inadequate for routine toxin analysis. In view of our recent success in the development of radioimmunoassay (RIA) for aflatoxin and ochratoxins (3, 4, 12; P. S. Sun, T. Vergeront, and F. S. Chu, Abstr. 5th Int. Conf. Global Impacts Appl. Microbiol., Bangkok, Thailand, 1977, p. 4) , an attempt to develop specific antibody against T-2 toxin was undertaken. In the present paper, a method for the production of antiserum in rabbits and properties of this specific antiserum are presented.
MATERIALS AND METHODS
Materials. T-2 toxin and HT-2 toxin were prepared as described previously (16) . T-2-triol, T-2-tetraol, neosolaniol, and 8-acetyl neosolaniol were prepared in the mycotoxin laboratory in the Department of Plant Pathology, University of Minnesota (8 Preparation of BSA-T-2HS conjugate. Because T-2 toxin has no reactive group for coupling reaction, T-2 toxin was first converted to the T-2-hemisuccinate (T-2HS). In a typical experiment, 10 mg of T-2 toxin in 0.4 ml of pyridine was reacted with 210 mg of succinic anhydride in a steam bath for 4 h. The reaction mixture was evaporated to dryness under N2, redisolved in chloroform, and washed with distilled water four times. The chloroform extract was subsequently evaporated to dryness. Thin-layer chromatography (16) revealed that almost all the T-2 toxin was converted to T-2HS.
Conjugation of T-2HS to BSA was achieved by the procedures practically the same as described before (3, 4) . Briefly, 10 mg of T-2HS in 1 ml of dimethylformamide was added dropwise with stirring to a solution containing 25 mg of BSA and 15 mg of EDPC (in 12.5 ml of distilled water). After 10 min, another 5 mg of EDPC was added. The reaction proceeded for 18 h at room temperature with stirring, and the pH was kept at 5.5 throughout the reaction with an automatic titrator. After reaction, the solution was dialyzed against distilled water (2 liters with the change of water three times) at 6°C for 72 h and lyophilized. The amount of T-2HS conjugated to BSA was determined by a radioactive method in which a small amount of 3H-T-2HS was incorporated into the reaction mixture.
Immunization schedule and antibody titer determination. Immunization schedule and methods of immunization were essentially the same as those described for aflatoxin antibody production (4) except that a premized complete adjuvant containing M. tuberculosis was used in the present study. Briefly, 300 pg of BSA-T-2HS in 0.5 ml of sterilized 0.9% NaCl was emulsified with 1.5 ml of adjuvant. A 2-ml amount of the mixed emulsion was injected intradermally at multiple sites into each rabbit. Bleedings and booster injections were made at appropriate times after the initial immunization. The collected antisera were precipitated with (NH4)2SO4 to a final saturation of 33.3%, reconstituted to original volume with 0.1 M sodium phosphate buffer and pH 7.2, and kept frozen.
For titer determination, 0.1 to 0. 15 Determination of specificity of antibody. The methods for determination of the antibody specificity were essentially the same as antibody titer determination except that unlabeled T-2 toxin or various trichothecenes were present in the reaction mixture. The different derivatives were first dissolved in Me2SO and subsequently diluted with 0.1 M sodium phosphate buffer, pH 7.2. The total volume was 0.2 ml. In all the analyses, the amount of antisera used was selected to give 50% binding of 3H-T-2 toxin (15,000 to 20,000 dpm) in the absence of unlabeled T-2 toxin or various analogs. Control experiments in which 5% Me2SO was present were carried out. No interference on the binding of 3H-T-2 toxin to the antibody by Me2SO at this concentration was demonstrated.
Determination of radioactivity. For radioactivity determination, an appropriate amount of test solution, generally less than 1 ml, was mixed with 10 ml of Aquasol (New England Nuclear Corp., Boston, Mass.), and the radioactivity was counted in a Beckman model LS-330 liquid scintillation spectrometer. AU the counts were corrected to disintegrations per minute by a channel ratio method by using known standards of tritiated toluene. The counting efficiency was generally around 25 to 35%.
RESULTS AND DISCUSSION
Although rapid progress on the development of new analytical methods for mycotoxins has been made during the last few years (2, 11), methods for analysis of mycotoxins in the trichothecene group have not been iinproved dramatically (8 of pyridine. Upon reacting the T-2HS with BSA in the presence of a water-soluble form of carbodiimide, 6 to 7 mol of T-2HS was conjugated to 1 mol of BSA. This preparation has been shown to be adequate for antibody production.
Representative results for the production of antibody by three rabbits over a period of 35 weeks are given in Table 1 . Antibody titers were detected as early as week 4 after initial injection. Antibody titers increased considerably in one of the rabbits 1 week after a booster injection at week 8. However, the most dramatic increase in antibody titers was observed only after subsequent booster injections of the BSA-T-2HS. Rabbit no. 3 which did not receive a booster injection at 22 weeks thus gave very low antibody titer at week 23. Variation in the production of antibody by individual rabbits was observed also. The antisera obtained from rabbit no. 2 at week-9 bleedings were adequate for RIA studies.
To determine the specificity of the antibodyantigen bindings and sensitivity of the RIA, an inhibition binding study was carried out. Results of the study are shown in Fig. 1 . The concentrations to give 50% inhibition of binding of 3H-T-2 toxin with the antibody by unlabeled T-2 toxin, HT-2, T-2 triol, neosolaniol, and T-2 tetraol are found to be 3.5, 20, 168, 1,588 and 5,000 ng, respectively. 8-Acetyl neosolaniol gave approximately 35% inhibition at 10 ,tg. Diacetoxyscirpenol, verrucarin A, trichodermin, and vomitoxin gave less than 5% inhibition at 10 ,ug tested. The present results indicate that the antibody elicited by the rabbits after immunizing with BSA-T-2HS has a high binding efficiency toward T-2 toxin. It is interesting to note that Table 2. substituting acetyl groups in T-2 ( Fig. 2 and Table 2 ) at positions 4 (HT-2) and at 4 and 15 (T-2 triol) resulted in substantially decreasing binding capacity. The isovaleroxy side chain at position 8 plays a dominant role in determining the antibody specificity. Thus, neosolaniol and T-2 tetraol, which both have a hydroxyl group at position 8, gave a very weak cross-reaction. When the isovaleroxy group is changed to a hydrogen at position 8, such as diacetoxyscirpenol, trichoderrin, and verrucarin A, practically no cross-reaction with the antibody was observed. Likewise, when an acetyl group (such as 8-acetyl neosolaniol) or a carbonyl group (such as vomitoxin) is present at this position, it also does not bind with the antibody. These results thus suggest that other related trichothecene mycotoxins such as fusarenon X and nivalenol are unlikely to give cross-reaction with the antibody. From the inhibition curves, it is readily seen that at the concentration range of 1 to 20 ng, the degree of inhibition of binding of 3H-T-2 by unlabeled T-2 toxin is directly proportional to the T-2 toxin present. The lower detection limit thus would be around 1 ng.
The most sensitive biological assay for T-2 toxin and related trichothecene mycotoxins is the rabbit reticulocyte assay in which T-2 toxin, diacetoxyscirpenol, and HT-2 all at a concentration of 30 ng/ml give 50% inhibition of [4C]-leucine uptake in reticulocytes (14) . However, this method is by no means specific for T-2 toxin. A number of other trichothecenes were reported to give similar inhibition. From the data shown in the present paper, we believe that the antibody produced in rabbits according to the described procedures is adequate for RIA of T-2 toxin. A very sensitive and specific method could be developed for T-2 analysis. Because HT-2 has been shown to give cross-reaction with antibody at a concentration approximately six times higher than T-2, it may present some problems in the T-2 toxin analysis. Nevertheless, this problem could be overcome by a simple chromatographic procedure (8) to separate T-2 and HT-2 toxins before the RIA step. For simplicity, a solid-state RIA procedure such as that described for RIA of aflatoxin (12) and ochratoxin A (Sun et aL, Abstr. 5th Int. Conf. Global Impacts Appl. Microbiol., 1977) could also readily be applied for T-2 toxin. Detailed procedures of the solid state RIA of T-2 toxin in agricultural commodities and biological fluids are currently under investigation.
